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(54) Title of the Invention: Active Matrix Substrate 

(57) [Abstract] 
[Object] 

It is an object of the present invention to provide a construction of an 
active matrix substrate for enhancing display contrast ratio. 
[Constitution] 

The pixel electrodes 111 are not superposed on the source lines 108 serving 
as the signal lines, the two adjacent pixel electrodes 111 are superposed on 
the ends of the metal film 103. With this structure, the construction of a 
parasitic capacitance formed between the pixel electrode 111 and the source 
line 108 is a series combination of a capacitance between the pixel electrode 
111 and the metal film 103 and a capacitance between the metal film 103 and 
the source line 108, and consequently a parasitic capacitance associated with 
the pixel electrode 111 can be reduced. 
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[The Scope of the Invention] 
[Claim 1] 

An active matrix substrate having scanning lines thereon, signal lines 
intersecting said scanning lines, switching elements and pixel electrodes 
each formed in an area enclosed by two adjacent ones of said scanning lines 
and two adjacent ones of said signal lines and arranged in a matrix, and an 
insulating film disposed between said signal lines and said pixel electrodes, 
wherein said signal lines are disposed to oppose a spacing between two 
adjacent ones of said pixel electrodes, ends of said signal lines in a direction 
of a width thereof are not superposed on said pixel electrodes, and 

metal films are disposed for forming parasitic capacitance in a layer on 
a side of said signal lines opposite from said pixel electrodes such that said 
metal films are superposed on at least a portion of said signal lines with 
another insulating film interposed therebetween and such that ends of said 
metal films in a direction of a width thereof are superposed on edges of said 
pixel electrodes disposed on opposite sides of said spacing. 
[Claim 2] 

An active matrix substrate according to claim 1, wherein said metal 
films are formed simultaneously with formation of said scanning lines from a 
material same with said scanning lines. 
[Claim 3] 

An active matrix substrate having scanning lines thereon, signal lines 
intersecting said scanning lines, switching elements and pixel electrodes 
each formed in an area enclosed by two adjacent ones of said scanning lines 
and two adjacent ones of said signal lines and arranged in a matrix, 
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wherein said scanning lines are disposed to oppose a spacing between 
two adjacent ones of said pixel electrodes, 

two metal films are juxtaposed in a direction of a width of said scanning 
lines between said scanning lines and said pixel electrodes, 

entire areas of said two metal films oppose said pixel electrodes on 
opposite sides of said spacing, respectively, and 

ends of said two metal films facing said two adjacent pixel electrodes 
disposed on opposite sides of said spacing are coincident with ends of said 
pixel electrodes and are superposed on ends of said scanning lines in a 
direction of a width thereof, respectively. 
[Claim 4] 

An active matrix substrate according to claim 3, wherein said metal 
films are formed from a material same with said signal lines. 

[Detailed Description of the Invention] 
[0001] 

[Fields of Industrial Application] 

The present invention relates to an active matrix substrate, and in 
particular to an active matrix substrate for use in a matrix type liquid crystal 
display device. 

[0002] 

[Prior Art] 

The liquid crystal display devices featuring thinness and low power 
consumption attract attention as candidates replacing cathode ray tubes. 

Especially, liquid crystal display devices of the active matrix drive type 
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using thin film transistor (hereinafter referred to as TFT) array have 
advantages of high speed response and high quality display. In particular, 
TFTs using amorphous Si (hereinafter referred to as a-Si) enable low 
temperature fabrication of constituent films and consequently are expected 
to enable the large-size display screen, the definition image display and low 
cost, and their technological development has been active recently. 
[0003] The liquid crystal display device of this type comprises an active 

matrix substrate, a counter substrate opposing the active matrix substrate 
and a liquid crystal layer sandwiched therebetween. A fragmentary plan 
view of an example of a prior art active matrix substrate is shown in FIG. 8, 
and a cross-sectional view taken along line C-C of FIG. 8 is shown FIG. 9. 
[ 0004] The active matrix substrate shown in FIG. 8 is fabricated as follows. 
A metal thin film is formed on a transparent insulating substrate 401, 
the metal thin film is etched after being covered with a mask made of a 
photoresist film to form gate lines serving as scanning lines and gate 
electrodes 402. Next SiNx acting as an insulating film 403 is coated 
continuously over the entire insulating substrate, subsequently a-Si layer 

404 serving as a semiconductor layer and SiNx acting as an insulating film 

405 are coated continuously over the entire substrate and the insulating film 
405 is patterned by photo-etching as shown in FIGS. 8 and 9. Next, a 
phosphorus-doped a-Si film 406 is coated over the entire substrate, and is 
removed by photo-etching, leaving the areas on both the sides of the 
insulating 405, and then a metal thin film is coated and is etched to form a 
source line serving as a signal line and a source electrode 407 and a drain 
electrode 408 having patterns shown in FIG. 8. In this way the TFT is 
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formed. 

Next, &n insulating* film is coated over the entire surface of the above 
structure to form an insulating film 409 and a contact hole 410 is formed in 
the insulating film 409 by photo-etching. Finally, a transparent conductive 
film is coated over the insulating film 409 to fill the contact hole 410 and to 
overlie a portion of the gate line 402 and is photo-etched to form a pixel 411. 
[0005] 

[Problems to be Solved by the Invention] 

In the prior art structure, as shown in FIG. 10 which is a cross-sectional 
view of FIG. 8 taken along line D-D\ the pixel electrode 411 overlie portions 
of the source line 407 and form a parasitic capacitance between the pixel 
electrode 411 and the source line 407, and consequently the potential of the 
pixel electrode 411 is influenced by a signal applied to the source line 407 
even when the TFT associated with the pixel electrode 41 1 is in an OFF state, 
and consequently there has been a problem that a display contrast is 
degraded. 

[0006] In the prior art structure, in the operation of the 1H (one horizontal 
scanning period) polarity reversal period where the polarity of signals 
applied to the pixel electrodes 411 is reversed on successive gate lines 402, 
ends of the two adjacent pixel electrodes 411 oppose the same gate line 402 as 
shown in FIG. 8, and a capacitance is produced between the opposing ends of 
the pixel electrodes 411 and the two adjacent pixel electrodes 411 interfere 
with each other and the electric fields are disturbed. As a result, the liquid 
crystal molecules become out of order and there has been a problem that 
leakage of light occurs in displaying a black image in a normally white mode 
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operation, for example, resulting in deterioration of display contrast ratio. 

[0007] The present invention aims at solving the above problems with the 
prior art and it is an object of the present invention to provide a active matrix 
substrate capable of improving a display contrast ratio. 

[0008] 

[Means for Solving the Problems] 

Since an active matrix substrate of the present invention has scanning 
lines thereon, signal lines intersecting said scanning lines, switching 
elements and pixel electrodes each formed in an area enclosed by two 
adjacent ones of said scanning lines and two adjacent ones of said signal 
lines and arranged in a matrix, and an insulating film disposed between said 
signal lines and said pixel electrodes, wherein said signal lines are disposed 
to oppose a spacing between two adjacent ones of said pixel electrodes, ends 
of said signal lines in a direction of a width thereof are not superposed on 
said pixel electrodes, and metal films are disposed for forming parasitic 
capacitance in a layer on a side of said signal lines opposite from said pixel 
electrodes such that said metal films are superposed on at least a portion of 
said signal lines with another insulating film interposed therebetween and 
such that ends of said metal films in a direction of a width thereof are 
superposed on edges of said pixel electrodes disposed on opposite sides of said 
spacing, the above-mentioned object is achieved. 

[0009] Since an active matrix substrate of the present invention has 
scanning lines thereon, signal lines intersecting said scanning lines, 
switching elements and pixel electrodes each formed in an area enclosed by 
two adjacent ones of said scanning lines and two adjacent ones of said signal 
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lines and arranged in a matrix, wherein said scanning lines are disposed to 
oppose a spacing between two adjacent ones of said pixel electrodes, two 
metal films are juxtaposed in a direction of a width of said scanning lines 
between said scanning lines and said pixel electrodes, entire areas of said 
two metal films oppose said pixel electrodes on opposite sides of said spacing, 
respectively, and ends of said two metal films facing said two adjacent pixel 
electrodes disposed on opposite sides of said spacing are coincident with ends 
of said pixel electrodes and are superposed on ends of said scanning lines in a 
direction of a width thereof, respectively, the above-mentioned object is 
achieved. 

[0010] 

[ Function ] 

In the invention of claim 1, the pixel electrodes are not superposed on 
the signal lines, and the ends of the two adjacent pixel electrodes are 
superposed on the ends of the metal films. With this structure, the 
construction of a parasitic capacitance formed between the pixel electrode 
and the signal line is a series combination of a capacitance between the pixel 
electrode and the metal film and a capacitance between the metal film and 
the signal line, and consequently a parasitic capacitance associated with the 
pixel electrode can be reduced. 

[00011] In the invention of claim 3, the metal films are disposed such that 
the ends of the metal films are coincident with the ends of the pixel 
electrodes and consequently the metal films cover the portions causing 
leakage of light and can prevent occurrence of leakage of light. 

[00012] 
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[ Embodiments ] 

The present invention will be explained in detail hereunder by way of 
embodiments. 

[0013] FIG. 1 is a fragmentary plan view of an active matrix substrate of 
this embodiment, and FIG. 2 is a cross-sectional view of a TFT portion of the 
active matrix substrate. The active matrix substrate is such that a plurality 
of gate lines 102 acting as scanning lines are arranged horizontally in 
parallel with each other on a glass substrate serving as an insulating 
substrate and a plurality of source lines 108 acting as signal lines are 
arranged in parallel with each other to intersect the gate lines 102. 

[0014] A TFT 112 and a pixel electrode 111 are disposed in each area 
enclosed by the two adjacent gate lines 102 and the two adjacent source lines 
106. The structure of the TFT 112 is conventional. To put it concretely, a 
gate electrode 102a is formed integrally with the gate line 102 acting as a 
scanning line in a region on the glass substrate 101 and an insulating film 
104 is coated on the substrate 101 to cover the gate electrode 102a. A 
semiconductor layer 105 is formed on a portion of the insulating film 104 over 
the gate electrode 102a, an insulating film 106 is disposed vertically and 
centrally on the semiconductor layer 105, and two semiconductor layers 107a 
and 107b are disposed on the insulating film 106 and are separated from 
each other. 

[ 0015] The source line 108 serving as a signal line is formed to extend from 
the top of one of the semiconductor layers, 107a, toward the side opposite 
from the other of the semiconductor layers, 107b, on the insulating film 104. 
The drain electrode line 109 is formed to extend from the top of the other of 
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the semiconductor layers, 107b, toward the side opposite from the one of the 
semiconductor layers, 107a, on the insulating film 104. In this way the TFT 
is constructed. 

[0016] The pixel electrode 111 is formed above the TFT 112 with the 
insulating film 110 interposed therebetween. To put it concretely, a contact 
hole 110a is formed in the insulating film 110 over the drain electrode 109, 
and the pixel electrode 111 is formed to fill the contact hole 110a and to 
overlie a portion of the gate line 102 on the insulating film 110. 

[0017] The pixel electrode 111 is formed above the source line 108 with the 
insulating film 110 interposed therebetween as shown in FIG. 3 which is a 
cross-sectional view taken along line A- A' of FIG. 1, and a metal film 103 is 
formed to form a parasitic capacitance below the source line 108 with the 
insulating film 104 interposed therebetween. 

[0018] Fabrication of the active matrix substrate of the above structure is 
shown in FIG. 4. Initially, as shown in FIG. 4(a), a film made of tantalum 
and of 3,000 angstrom in thickness is formed on the glass substrate 101, and 
is patterned to form the gate lines 102, the gate electrodes 102a and the 
metal films 103. Incidentally, the metal film 103 may be formed separately 
from the gate lines 102, the gate electrodes 102a, the above embodiment 
avoids the increase of the process steps. 

[0019] Next, as shown in FIG. 4 (b), by a sputtering method or a plasma 
CVD method, for example, a film made of SiNx and of 3000 angstrom in 
thickness, which acts as an insulating film 104, is coated over the entire 
surface of the substrate, then a-Si layer of 30 angstrom in thickness, which 
acts a semiconductor layer 105, and a SiNx film of 2000 angstrom in 
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thickness, which acts as an insulating film 106, are continuously coated and 
then the patterned insulating film 106 is obtained by photo-etching. 

Incidentally, the insulating film 104 may be formed by anodic oxidation 
of the gate line 102 before coating of the insulating film 104, or may be made 
of material other than SiNx. 

[0020] Next, as shown in FIG. 4(c), by a plasma CVD method, for example, 
a phosphorus-doped a-Si film of 500 angstrom in thickness is coated over the 
entire substrate, and then the a-Si film is removed by photo-etching from all 
areas except the areas on both the sides of the insulating film 106 to form the 
semiconductor layers 107a and 107b, and next a molybdenum layer of 3000 
angstrom in thickness is formed by sputtering and then is patterned by 
photo-etching to form the source lines 108 (see FIG. 1), the source electrode 
108a and the drain electrode 109 as shown in FIG. 4(c). 

Incidentally, the phosphorus-doped a-Si film may be formed by an ion 
doping method, and the source lines 108, the source electrodes 108a and the 
drain electrodes 109 may be made of metals such as Ti or AL 

[0021] Next, an organic protective film of 1 ju m is coated over the entire 
surface of the above structure to provide an insulating film 108 (sic) , and 
then a contact 110a is formed in the insulating film 110 by photo-etching, 
and finally ITO of 1000 angstrom in thickness is coated on the insulating film 
110 by sputtering such that it fills the contact hole 110a and overlies portions 
of the metal films 103 and the gate lines 102, and the ITO is photo-etched to 
form the pixel electrode 111. 

[0022 ] The organic protective film may be made of JSS-721 acrylic resin of 
Nippon Gosei Gomu, polyimide film such as PIX-88803 of Hitachi Chemical 
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Co. Ltd., or photosensitive polyimide film such as S414 of Toray, and the 
insulating film 110 may be made of inorganic material such as SiNx, or Si02. 

[0023] In the thus fabricated active matrix substrate of this embodiment, as 
shown in FIG. 3, the pixel electrodes 111 are disposed above the source line 
108 with the insulating film 110 interposed therebetween, and the metal film 
103 for forming a parasitic capacitance is disposed below the source line 108 
with the insulating film 104 interposed therebetween. The source line 108 
is disposed such that the source line 108 faces a spacing between the two 
adjacent pixel electrodes 111 and the ends of the source line 108 in the 
direction of its width are not superposed on the pixel electrodes 111, and the 
metal film 103 is superposed on a portion of the source line 108 such that its 
ends on the above-mentioned width direction are superposed on the ends of 
the two adjacent pixel electrodes 111 on the opposite sides of the above- 
mentioned spacing. 

[0024] With this structure, a parasitic capacitance formed between the 
pixel electrode 111 and the source line 108 comprises the series combination 
of a capacitance formed between the pixel electrode 111 and the metal film 
103 and a capacitance formed between the metal film 103 and the source line 
108, and consequently the parasitic capacitance associated with the pixel 
electrode 111 can be reduced and display contrast is improved. Also, since 
the pixel electrode 111 and the source line 108 do not superpose each other 
directly, leakage of currents due to defects in the insulating film can be 
reduced. Incidentally, the metal film 103 may be disposed along the entire 
length of the source semiconductor (sic) 108. 
[0025] FIG. 5 is a fragmentary plan view of another embodiment in 
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accordance with the present invention, and FIG. 6 is a cross-sectional view 
taken along line B-B' of FIG. 5. The structure of this active matrix 
substrate is the same except for the metal film. In this embodiment, the 
gate line 102 is disposed to oppose a spacing between the two adjacent pixel 
electrodes 111 and the two metal films 103a, 103b are juxtaposed in a 
direction of the width of the gate line 102 between the gate line 102 and the 
pixel electrodes 111. 

[0026] The active matrix substrate of this structure is fabricated as shown 
in FIG. 7. Initially, as shown in FIG. 7(a), a tantalum film of 3000 angstrom 
in thickness is formed on the glass substrate 101, and is patterned to provide 
the gate line 102 and the gate electrode 102a. 

[0027] Next, as shown in FIG. 7(b), by a sputtering or plasma CVD method, 
for example, a SiNx film of 3000 angstrom in thickness acting as the 
insulating film 104 is coated over the entire surface of the substrate, then an 
a-Si layer of 300 angstrom in thickness acting as the semiconductor layer 105 
and a SiNx film of 2000 angstrom in thickness acting as the insulating layer 
106 are continuously coated over the entire surface of the substrate, and then 
the insulating film 106 is patterned by photo-etching as shown in FIG. 7(b). 

Incidentally, before coating of the insulating film 104, the insulating 
film 104 may be formed by anodizing the gate line 102, or the insulating film 
104 may be made of insulating material other than SiNx. 

[0028] Next, as shown in FIG. 7(c), by a plasma CVD method, for example, 
a phosphorus-doped a-Si film of 500 angstrom in thickness is coated over the 
entire surface of the substrate and then the a-Si film is removed from all 
areas except both the sides of the insulating film 106 by photo-etching to 
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provide the semiconductor layers 107a and 107b, and then a molybdenum 
layer of 3000 angstrom in thickness is coated by sputtering and is patterned 
by photo-etching to provide the source line 108 (see FIG. 1), the source 
electrode 108a and the two metal films 103a, 103b as shown in FIG. 7(c). 
One of the metal films, 103a, act as the drain electrode 109 also. 

Incidentally, the metal film 103a may be configured to be connected to a 
separately formed drain electrode, the phosphorus-doped a-Si film may be 
formed by an ion doping method. The source line 108, the source electrode 
108a and the drain electrode 109 may be made of metals such as Ti and Al. 
The two metal films 103a, 103b may be formed in a process step separate 
from that for the source line 108, but simultaneous formation reduces the 
number of process steps. 

[0029] Next, an organic protective film of 1 ju m in thickness is coated over 
the entire surface of the above-described structure to form an insulating film 
110, and then a contact hole 110a is formed in the insulating film 110 by 
photo-etching, and finally an ITO film of 1000 angstrom in thickness is 
coated on the insulating film 110 by sputtering to fill the contact hole 110a, 
overlie the two metal films 103a, 103b and a portion of the source line 108 
and is photo-etched to provide the pixel electrode 111. The organic 
protective film may be formed of the same material as in the previous 
embodiment. 

[0030] In the thus formed active matrix substrate of this embodiment, as 
shown in FIG. 6, the gate line 102 is disposed to oppose a spacing between 
the two adjacent pixel electrodes 111 and the two metal films 103a, 103b are 
juxtaposed in a direction of the width of the gate line 102 between the gate 
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line 102 and the pixel electrodes 111. 

The entire areas of the metal films 103a, 103b oppose the respective 
pixel electrodes 111 on opposite sides of the portion opposing the gate line 
102, the ends of the metal films 103a, 103b on the opposing sides of the two 
adjacent pixel electrodes 111 opposing the same gate line 102 are made 
coincident with the ends of the pixel electrodes 111 in the direction of the 
width of the gate line 102. 

[0031] Therefore, in this embodiment, the metal films 103a, 103b are 
disposed such that the ends of the metal films 103a, 103b are coincident with 
the ends of the pixel electrodes 111, the metal films 103a, 103b cover the 
portions causing leakage of light, that is, they function as a light blocking 
film, and consequently they can prevent leakage of light and improve the 
display contrast ratio. 

[0032] In the above embodiment, the semiconductor layers 107a, 107b 
made of phosphorus-doped a-Si are disposed between the semiconductor 
layer 105 made of a-Si and the source line 108 made of Mo, the drain 
electrode 109 (or the metal film 103a), they provide the advantage that ohmic 
contact is formed between them. 

[0033] Incidentally, it is needless to say that the present invention is not 
limited to the active matrix substrate of the above-explained structure, but is 
applicable to the active matrix substrate of other structures. 
[0034] 

[Advantages of the Present Invention] 

It is apparent from the above explanation that the active matrix 
substrate of the present invention reduces the parasitic capacitance, and can 
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improve display quality by increasing the contrast ratio. The present 
invention enables the structure in which the pixel electrodes and the source 
electrodes do not superpose each other directly, and consequently can reduce 
leakage current caused by defects in the insulating film, and further by 
5 disposing a metal film in parallel with the scan wiring lines such that the 
metal film superpose the pixel electrode with the insulating film interposed 
therebetween, the aperture ratio can be made greater than that of the prior 
art structure, and the present invention does not complicate the 
manufacturing process and can prevent the reduction of yield rate caused by 
10 increase in manufacturing steps for liquid crystal display devices. 

[Brief Description of the Drawings] 

[FIG. 1] 

A fragmentary plan view of an embodiment of an active matrix substrate of 
the present invention. 
15 [FIG. 2] 

A cross-sectional view of a TFT portion of the active matrix substrate of 
FIG.l. 
[FIG. 3] 

A cross-sectional view taken along line A-A' of FIG. 1. 
20 [FIG. 4] 

FIG. 4(a) to 4(d) are fragmentary plan views of the above embodiment for 
illustrating a method of fabricating the above embodiment. 
[FIG. 5] 

A fragmentary plan view of another embodiment of the present invention. 
25 [FIG. 6] 
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A cross-sectional view taken along line B-B' of FIG. 5. 
[FIG. 7] 

FIG. 7(a) to 7(d) are fragmentary plan views of said another embodiment for 
illustrating a method of fabricating said another embodiment. 
5 [FIG. 8] 

A fragmentary plan view of a prior art active matrix substrate. 
[FIG. 9] 

A cross-sectional view taken along line C-C of FIG. 8. 
[FIG. 10] 

10 A cross-sectional view taken along line D-D' of FIG. 8. 
[Explanation of reference numerals] 
101 glass substrate; 102 gate line; 102a gate electrode; 

103 metal film; 103a metal film; 103b metal film; 

104 insulating film; 106 insulating film; 108 source line; 
15 109 drain electrode; 110 insulating film; 110a contact hole; 

111 pixel electrode 

************************* 
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